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Burullus Lake is one of most important lakes in north Delta of Egypt. It is exposed to huge amounts of
serious pollutants especially heavy metals. The sediments within the lake aid in the dispersion of these
metals. The main objectives of this research were to evaluate and map the spatial distribution of heavy
metals in Burullus Lake sediments. Accordingly, 37 locations were randomly distributed within the lake.
Sediment samples were taken from these locations. These samples were analyzed for seven metals
including Fe, Cu, Zn, Cr, Co, Cd and Pb. Also, five indices were used to identify the status of metal pollu-
tants in the Lake. These indices are: enrichment factor (EF), contamination factor (CF), degree of contam-
ination (DC), pollution load index (PLI) and geo-accumulation index (Igeo). Ordinary Kriging was used to
interpolate the spatial distribution of the studied elements within the lake. The obtained results indicated
that cadmium was the most enriched element in the lake sediments due to industrial and agricultural
wastes drained into the lake. The Igeo index revealed that Cd and Pb were the common pollutants in lake
sediments. The DC values ranged between low (near El-Boughaz) and moderate (near drainage areas).
The spatial distribution of pollutants within the lake indicated that the highly polluted areas are located
close to the drains, whereas as the less polluted areas were close to El-Boughaz.
 2016 Mansoura University Published by Elsevier B.V. All rights reserved.1. Introduction provides a very powerful tool for the analysis and creation of mod-Burullus Lake of the central Nile Delta is a UNESCO-protected area
and one of the most conspicuous wetland habitats in Egypt, which
were taken into consideration according to RAMSAR convention in
1971 [1]. In the last decades, it has suffered from different types of
pollutants which adversely affect its water and sediment quality.
The sediments of the aquatic environment act as major reser-
voir of metals and source of contaminants. Enrichment of heavy
metals due to industrialization and urbanization was recorded in
the sediment of coastal areas all over the world. Sediments are
not only functioning as heavy metal scavengers, but also as one
of the potential sources of heavy metals to the ecosystem [2,3].
Heavy metals in high concentrations are considered as serious
pollutants to aquatic ecosystems due to their high potential to
enter and accumulate in the food chain [4]. Some heavy metals
such as Fe, Co, Cu, and Zn are essential micronutrients for fauna
and flora, but they are dangerous at high levels, whereas the most
toxic heavy metals are Cr, Pb and Cd, which are considered
carcinogenic elements [5]. Geographic information system (GIS)y Elsevier B.V. All rights reserved.
r).
t al. Evaluation and mapping sp
), http://dx.doi.org/10.1016/j.ejbels that integrate the relations between the different features on
the earth’s surface and their effect on the environment. GIS can
also be used to perform a number of fundamental spatial analyses
and operations. Spatial distribution of some important heavy met-
als is essential to assess their effects on sediments and to delineate
contaminated areas [6,7].
The objectives of this work were to evaluate and study spatial
distribution of heavy metals in Burullus lake sediments using GIS
techniques. This is to provide decision makers with more accurate
information about the status of pollution within the lake.
2. Study area
Burullus Lake is located in Kafr El-Sheikh Governorate (30 22’ -
31 35’N; 30 33’ - 31 08’E) with an area of about 460 km2. It is
situated on the eastern side of Rosetta branch of the River Nile.
The lake receives an annual water volume of about 4.1 milliard
cubic meters through a system of eight drains and a freshwater
canal called Brinbal. The drainage system collects agricultural drai-
nage water from about 998 thousand acres in the catchment area.
Drainage water is discharged into the lake through a group of
pumping stations at the end tail of the drains except Gharbia drainatial distribution of bottom sediment heavy metal contamination in Burul-
as.2016.09.005
Fig. 1. Locations of (A) study area in Egypt and (B) sampling locations within the lake.
Fig. 2. Land use map of Burullus Lake area.
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lake is connected to the Mediterranean Sea via Boughaz El-
Burullus at the northeastern part of the Lake as illustrated in Fig. 1.
The Lake is located within five districts of Kafr El-Sheikh Gover-
norate. These districts are from the East to the West: Baltim, El-
Hamoul, El-Riad, Sidi Salem and Metobes. The main activities of
the population in and around the lake are fishing, weed cutting,
grazing and agriculture. In the last decade, fish farms were devel-
oped at the lake shores and they represent one of the most com-
mon activities in the studied area. Fig. 2 shows the land use map
within and around the studied area. This map was created based
on Landsat 8 image acquired in August, 2015 and verified in the
field.3. Materials and methods
3.1. Heavy metals analyses in sediments
Thirty seven georeferenced sediment samples were collected
using a Van-Veen grab coated with polyethylene [9]. Sub-
samples were taken from the central part of the grab to avoid con-
tamination. These sampleswere kept in self-sealed acid pre-cleaned
plastic bags, rinsed with metal-free water. They were deep-frozen
until analysis. They were dried in the oven at 70 oC, sieved using
0.75mmplastic sieve, and stored for subsequent analyses. One gram
of each sample was digested for about two hours in a mixture ofTable 1
The description of used indices of metals.
Indices Purposes
(1) Enrichment
factor (EF)
- An effective tool to evaluate the magnitude of contaminants i
the environment.
- Iron used as a conservative tracer to distinguish natural from
anthropogenic components.
EF <2=natural
EF>2=anthropogenic
Categories of EF:
1=background concentration
1–2=depletion to minimal enrichment
2–5=moderate
5–20= significant
20–40= very high
>40=extremely high
(2) Contamination
factor (CF)
To find the contamination level of a metal.
Categories of CF:
<1 = low CF
1–3=moderate CF
3–6= considerable CF
6= very high
(3) Pollution Load
Index (PLI)
Provides some understanding to the public of the area about th
quantity of a component in the environment.
Categories of PLI:
>1 =polluted
< 1=no pollution
(4) Degree of
contamination
(DC)
The sum of all contamination factors for a given site.
Categories of DC:
<n (low DC)
nDc<2n (moderate DC)
2nDc<4n (considerable DC)
Dc>4n (very high DC)
(5) Geo-
accumulation
index (Igeo)
To determine and define the metal contamination in sediments b
comparing current concentrations with pre-industrial levels.
Categories of Igeo:
Igeo0 (unpolluted)
0 < Igeo1 (unpolluted to moderately polluted)
1 < Igeo2 (moderately polluted)
2 < Igeo3 (moderately to strongly polluted)
3 < Igeo4 (strongly polluted)
4 < Igeo5 (strongly to extremely polluted)
Igeo (extremely polluted)
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acid (HF), as described byOregioni andAston [10]. Seven heavymet-
als (Cu, Pb, Cd, Cr, Zn, Fe and Co) were measured in the digestion
extract using Atomic Absorption Spectrophotometer (ASS). The con-
centrations of these metals were expressed as mg g1.3.2. Indices of heavy metals
Five indices were used to evaluate the status of the studied pol-
lutants within the lake; these indices are described in Table 1:3.3. Statistical analysis
The data of the different ecological habitats were compared
using one-way ANOVA, which was conducted using the COSTAT
program package.
3.4. Geostatistics
Kriging was used in this study to estimate the value of a
random variable Z at one or more un-sampled points or locations,
from more or less sparse sample data on a given support say:
{z(x1),. . ., z(xn)} at {x1,. . .,xn}.
Different kinds of Kriging methods exist, which pertain to
the assumptions about the mean structure of the model:
E [Z(x)] =m(x).Methods References
n EF ¼ ðM=FeÞ;sampleðM=FeÞ;background
Where:
(M/Fe) the ratio of metal and Fe concentrations of the sample, (M/
Fe) crust is the ratio of metal and Fe concentrations of a
background. Where, M is the concentration of metal. The
background value is that of average shale
[11–13]
CF ¼ C;metalC;background
C metal: concentration of metal
C background: concentration of metal in average shale
[13,14]
e PLI ¼ CF1  CF2  CF3  . . .CFnÞ1=n
n=number of metals (7 here)
CF= contamination factor
[14,15]
DC ¼
Xn
i¼1
CFi
CF is the single CF
n=no. of metals
[16]
y Igeo ¼ log2ð Cn1:5;BnÞ
Cn is the measured concentration of heavy metals in sediments.
Bn is the geochemical background value in average shale of
element n.
1.5 is the background matrix correction
[17–19]
atial distribution of bottom sediment heavy metal contamination in Burul-
as.2016.09.005
Table 2
Concentrations of heavy metals in four ecological habitats and their shale average, mean, least significant difference (LSD), and F-value.
Metal Average shale Ecological habitats Mean
(n=34)
LSD F-Value
Open water
(n =20)
Shores
(n =5)
Drains
(n =9)
Islets
(n= 3)
Fe 47,200 648.39a ± 1.45 632.53a ± 10.90 649.67a ± 3.72 576.06b ± 16.85 626.66 ± 8.23 42.05 7.92**
Zn 95 129.23a ± 1.42 57.35a ± 6.49 65.29a ± 17.08 48.50a ± 20.01 75.09 ± 16.25 47.45 0.2ns
Cr 90 71.51a ± 2.97 42.38b ± 13.32 80.97a,b ± 5.16 20.81c ± 5.64 53.91 ± 6.77 20.73 17.42***
Cu 45 32.06a ± 1.85 15.24b ± 4.19 38.45ab ± 7.71 8.70b ± 2.88 23.61 ± 4.16 17.38 6.82*
Co 19 30.31a ± 2.79 11.52ab ± 3.71 26.64ab ± 6.25 7.16b ± 4.31 18.91 ± 4.27 37.47 2.06ns
Pb 20 16.46a ± 0.82 15.05a ± 1.79 25.05a ± 3.19 34.56a ± 24.84 22.78 ± 7.66 41.66 0.67ns
Cd 0.3 0.89a ± 0.07 0.21a ± 0.13 0.74a ± 0.11 0.91a ± 0.13 0.69 ± 0.11 0.68 1.62ns
Different superscript letters (a–c) indicate significant differences (P0.05) between heavy metals in different ecological sites. ns = not significant at P< 0.05.
* Values are significant at P < 0.05.
** Values are significant at P < 0.01.
*** Values are significant at P < 0.001.
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for m(x), then Z(x)m(x) is intrinsically stationary (or even weakly
stationary).
Zðx0Þ  l ¼
Xn
i¼1
kiðZðxiÞ  lÞ þ Eðx0Þ
(or)
Zðx0Þ ¼
Xn
i¼1
kiðZðxiÞ þ lð1
Xn
i¼1
kiÞ þ Eðx0Þ
We filter the unknown mean by requiring that the Kriging
weights sum to 1, leading to the ordinary kriging estimator:
Zðx0Þ ¼
Xn
i¼1
kiðZðxiÞ þ Eðx0Þ subject to
Xn
i¼1
ki ¼ 1
The spatial distribution of heavy metals in the sediment sam-
ples of Burullus Lake was carried using Kriging model in ArcGIS
(10.1) program [20], as it used to develop prediction maps for
the measured elements.
4. Results
4.1. Heavy metals concentration
The concentrations of seven heavy metals in four ecological
habitats are shown in Table 2. Chromium had the highest signifi-
cant correlations (P <0.05) among these habitats. The highest con-
centration of Cr was recorded in lake open water habitat (71.51mg/g),
whereas the lowest concentration was obtained in the Lake Islets
habitat (20.81mg/g). Moderate variations were observed in iron,
where Fe ranged between 576 and 648mg/g. On the other hand,
Cu showed a low significance correlation among the different habi-
tats. The lowest concentration of Cu was 8.7 in Lake Islets, whereas
the highest concentration was 38.45mg/g in the drains. No signifi-
cance correlations were observed among the different habitats
regarding Zn, Co, Pb and Cd. The spatial distribution of these metals
is illustrated in Figs. 3 and 4.
4.2. Heavy metals indices in the sediments of Burullus Lake
4.2.1. Enrichment factor (EF)
The results of Enrichment Factor of heavy metals in Burullus
Lake sediments are represented in Table 3 and illustrated in Fig. 5.
They indicate that the EF of Cu ranged from 6.26 to 117, which is
significant to extremely high enrichment, respectively. The EF for
Zn ranged between 10.88 and 253, which is significant to extre-
mely high enrichment. The EF of Cr varied from 13.24 to 79.5,
which is significant to extremely high enrichment. The EF of Pb
varied from 14.80 to 326, from 2 to 260 for Co, and from 62.69
to 393.37 for Cd. These results indicate that the EF for all of thePlease cite this article in press as: El-Amier YA et al. Evaluation and mapping sp
lus Lake, Egypt. Egyp. Jour. Bas. App. Sci. (2017), http://dx.doi.org/10.1016/j.ejbstudied metals is in the highly significant category except for
Cobalt, which ranged from moderate to extremely highly signifi-
cant enrichment. Most of these metals come from the surrounding
anthropogenic activities. The sequence of EF for heavy metals in
the sediments of Burullus Lake is in the following order: Cd>Pb>
Zn>Co>Cu>Cr. This indicates that cadmium was more abundant
when compared with the other metals, whereas Chromium had
the lowest appearance.
4.2.2. Contamination factor (CF)
Data represented in Table 4 and illustrated in Fig. 6 indicate that
the CF for Fe is (<1) in all of the studied locations, which resides in
the low category. The CF for Cu was low in all of the studied loca-
tions except those sites close to Baltim City, El-Hoks Drain, Drain
(7) and Drain (8), which were in the moderate category. The CF
for Zn was low in some locations and moderate at Megataa,
El-Zanqa, Mastrouh, El-Shakhloba, Drain (7) and Bar Bahry. How-
ever, a significant contamination factor was shown at El-Bellaq
and Abou Amer areas. The Cr had a low CF in most of the studied
locations, whereas it had moderate values at El-Hoks Drain, Drain
(7) and Drain (8). The CF for Pb ranged between low and moderate
at Abou Amer, Bashroush, near Drain 7, West El-Burullus Drain,
Brinbal Canal, Elhoks, Houis Elkashaa, Tirra Drain and
El-Shakhlouba Drain. However, it had a significantly high CF at
El-Kome El-Akhdr Islet. The CF for Co varied also from low to mod-
erate; however it was significantly high at El-Mahgra and Brinbal
Canal. The CF was moderate for Cd in most of the studied locations,
whereas it was highly significant especially at Abou Amer, Elberka
El-Gharbia, El-Burullus area, N/W El-Burullus, near El-Shakhlouba,
Bashroush, El-Mahgra, Brinbal Canal, Elhoks, El-Shakhlouba Drain
and Megataa Islet.
4.2.3. The pollution load index (PLI) and degree of contamination (DC)
Both the PLI and DC results in the studied location within Burul-
lus Lake are represented in Table 4 and Fig. 7. The PLI values were
<1 in the Lake, which indicates no significant pollution. On the
other hand, the results of DC revealed low to moderate degree of
contamination. The spatial distribution of DC for heavy metals in
the Burullus Lake sediments is illustrated in Fig. 8.
4.2.4. Geo-accumulation index (Igeo)
The results of Igeo are as shown in Table 5 and illustrated in
Fig. 9. The negative values of Fe depending on the classification
of Muller [17] indicated that the Lake is not polluted with this
metal. Igeo values of lead showed moderate pollution at West
El-Burullus Drain, Brinbal Canal, Elhoks and El Kome El-Akhdar
Islet. For cobalt, the values of Igeo showed moderate pollution
degree at El-Burullus area, nearby Baltim City, Elbellaq, northwest
of El-Burullus area, El-Maqsaba, El-Berka El-Gharbia, the sites in
the southern part of the Lake, Bashroush, El-Mahgra, Brinbal Canalatial distribution of bottom sediment heavy metal contamination in Burul-
as.2016.09.005
Fig. 3. Spatial distribution of (a) Fe, (b) Zn and (c) Cr in Burullus Lake sediments.
Y.A. El-Amier et al. / Egyptian Journal of Basic and Applied Sciences xxx (2017) xxx–xxx 5and Tirra Drain. For cadmium, the values of Igeo showed moderate
pollution degree except sites nos. 6, 20, 21, 23 and 27. The Igeo
values of zinc showed moderate degree of pollution as well at
El-Bellaq, Megataa, near El-Shakhlouba, south/west El-Kome
El-Akhdar and nearby El-Boughaz, whereas the Igeo values of cop-
per showed moderate pollution degree only at Drain 7.Please cite this article in press as: El-Amier YA et al. Evaluation and mapping sp
lus Lake, Egypt. Egyp. Jour. Bas. App. Sci. (2017), http://dx.doi.org/10.1016/j.ejb5. Discussion
The distribution of heavy metals in lakes depends on some fac-
tors such as hydrosoil texture, characteristics, amount and type of
input water. High concentrations of heavy metals in Burullus Lake
exist at locations near drains in the southern parts of the lake,atial distribution of bottom sediment heavy metal contamination in Burul-
as.2016.09.005
Fig. 4. Spatial distribution of (a) Cu, (b) Co, (c) Pb and (d) Cd in Burullus Lake sediments.
6 Y.A. El-Amier et al. / Egyptian Journal of Basic and Applied Sciences xxx (2017) xxx–xxxwhich are dominated by fine sediments. On the other hand, middle
and northern parts of the lake are coarser in texture. These areas
also have high contents of carbonate and low contents of organic
carbon [21]. The studied heavy metals in Burullus Lake sediments
are in the following order: Fe >Zn>Cr >Cu>Pb>Co>Cd.
Iron plays an important biochemical role in the life cycles of
plants and animals. It is found in organic wastes and in plant debris
in sediments. The maximum value of iron (662.2mg/g) was dis-
tributed at the southern and western parts of the lake. This couldPlease cite this article in press as: El-Amier YA et al. Evaluation and mapping sp
lus Lake, Egypt. Egyp. Jour. Bas. App. Sci. (2017), http://dx.doi.org/10.1016/j.ejbbe attributed to agricultural and sewage wastes in these areas. This
also could be due to the nature of sediments, which are dominated
by clay particles that play an important role in the distribution pat-
tern of iron as reported by Masoud et al. [22]. This value (560mg/g)
is higher than that recorded by Basiony [23], but lower than those
observed by Masoud et al. [22], Saeed and Shaker [24] and Chen
et al [25]. The lowest values of iron in the hydrosoil of Burullus
Lake were recorded in lake islets far away from drains and other
wastes. In contrast, the maximum values were observed in nearbyatial distribution of bottom sediment heavy metal contamination in Burul-
as.2016.09.005
Table 3
The enrichment factor (EF) of heavy metals in the sediment samples of Burullus Lake.
S. No. Enrichment factor (EF)
Fe Cu Zn Cr Pb Co Cd
1 1.00 78.30 51.76 64.16 60.63 136 170.09
2 1.00 66.71 41.26 63.17 64.57 134 245.91
3 1.00 34.93 252.68 57.57 57.08 118 209.34
4 1.00 40.70 141.99 50.26 52.36 91 179.17
5 1.00 58.23 43.40 56.66 67.26 160 250.80
6 1.00 54.34 43.07 58.75 36.83 85 87.09
7 1.00 24.12 97.61 50.58 56.51 82 206.55
8 1.00 56.95 48.35 71.40 63.46 186 169.17
9 1.00 51.21 163.29 65.43 53.03 93 155.76
10 1.00 50.82 270.60 55.20 81.27 89 336.96
11 1.00 60.97 45.48 66.05 66.73 113 160.75
12 1.00 63.42 46.92 63.31 60.24 130 249.01
13 1.00 57.10 47.31 75.35 45.01 120 161.63
14 1.00 29.69 140.78 36.52 42.28 52 156.23
15 1.00 45.62 127.89 46.79 65.78 75 294.24
16 1.00 55.77 48.87 55.39 51.26 92 186.14
17 1.00 57.18 42.60 71.41 72.77 155 299.35
18 1.00 44.25 89.47 42.91 88.12 87 393.37
19 1.00 61.41 41.74 60.53 70.93 251 306.42
20 1.00 43.82 203.30 43.71 41.48 67 96.12
21 1.00 10.59 18.23 58.58 40.10 35 73.16
22 1.00 23.46 69.79 59.05 59.11 61 153.59
23 1.00 49.05 53.14 56.96 69.34 101 112.46
24 1.00 35.40 91.36 20.59 72.94 21 0.00
25 1.00 12.60 29.31 0.00 49.41 18 0.00
26 1.00 8.35 15.25 40.29 32.18 30 0.00
27 1.00 25.04 29.96 54.48 135.01 57 62.69
28 1.00 33.37 39.48 41.95 132.71 260 287.58
29 1.00 112.88 69.83 79.50 131.61 98 215.12
30 1.00 64.31 48.87 68.26 83.58 94 200.84
31 1.00 54.79 42.46 69.61 76.28 159 165.64
32 1.00 117.78 51.98 77.68 68.72 101 190.29
33 1.00 74.86 49.25 72.96 67.66 79 146.82
34 1.00 61.54 43.13 64.65 80.78 29 258.21
35 1.00 16.88 45.30 15.16 67.93 26 313.46
36 1.00 23.17 66.48 27.72 326.38 2 225.50
37 1.00 6.62 10.88 13.24 14.80 69 205.53
Fig. 5. The Enrichment Factor (EF) of heavy metals in the sediment samples of Burullus Lake.
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Table 4
The contamination factor (CF), Pollution Load Index (PLI) and degree of contamination (DC) of sediments in Burullus Lake.
No. Contamination factor (CF) PLI DC
Fe Cu Zn Cr Pb Co Cd
1 0.014 1.08 0.71 0.88 0.84 1.89 2.35 0.62 7.79
2 0.014 0.92 0.57 0.87 0.89 1.86 3.42 0.62 8.58
3 0.014 0.47 3.46 0.78 0.78 1.61 2.87 0.68 10.0
4 0.014 0.55 1.94 0.68 0.71 1.25 2.45 0.58 7.63
5 0.014 0.80 0.60 0.78 0.93 2.21 3.47 0.63 8.83
6 0.014 0.74 0.59 0.80 0.50 1.17 1.19 0.45 5.03
7 0.014 0.32 1.33 0.69 0.77 1.12 2.82 0.52 7.08
8 0.014 0.78 0.67 0.98 0.87 2.57 2.34 0.63 8.26
9 0.014 0.70 2.24 0.89 0.72 1.27 2.13 0.63 7.99
10 0.014 0.69 3.70 0.75 1.11 1.22 4.61 0.78 12.1
11 0.014 0.84 0.62 0.91 0.92 1.55 2.22 0.58 7.10
12 0.014 0.87 0.64 0.87 0.82 1.78 3.42 0.62 8.44
13 0.014 0.78 0.65 1.04 0.62 1.654 2.23 0.56 7.00
14 0.013 0.39 1.88 0.48 0.56 0.69 2.09 0.46 6.14
15 0.014 0.62 1.74 0.63 0.89 1.02 4.00 0.62 8.93
16 0.014 0.76 0.67 0.76 0.70 1.26 2.55 0.53 6.74
17 0.014 0.79 0.59 0.98 1.00 2.15 4.14 0.67 9.69
18 0.014 0.60 1.21 0.58 1.19 1.17 5.35 0.64 10.14
19 0.014 0.85 0.58 0.84 0.99 3.50 4.28 0.71 11.0
20 0.014 0.59 2.74 0.59 0.56 0.89 1.30 0.51 6.71
21 0.013 0.13 0.24 0.77 0.52 0.46 0.96 0.26 3.12
22 0.013 0.31 0.94 0.79 0.79 0.81 2.07 0.46 5.76
23 0.013 0.61 0.67 0.71 0.87 1.27 1.42 0.48 5.59
24 0.013 0.46 1.21 0.27 0.96 0.28 0.00 0.00 3.22
25 0.014 0.17 0.39 0.00 0.67 0.23 0.00 0.00 1.50
26 0.014 0.11 0.21 0.56 0.45 0.41 0.00 0.00 1.78
27 0.014 0.34 0.41 0.75 1.86 0.79 0.86 0.41 5.06
28 0.014 0.46 0.54 0.57 1.832 3.59 3.97 0.66 11.0
29 0.014 1.57 0.97 1.11 1.838 1.37 3.00 0.78 9.89
30 0.014 0.88 0.67 0.94 1.156 1.30 2.77 0.61 7.76
31 0.014 0.75 0.58 0.96 1.053 2.18 2.28 0.61 7.85
32 0.014 1.64 0.72 1.08 0.960 1.41 2.65 0.68 8.49
33 0.014 1.03 0.68 1.00 0.934 1.09 2.02 0.57 6.79
34 0.014 0.84 0.59 0.88 1.109 0.39 3.54 0.51 7.39
35 0.012 0.20 0.55 0.18 0.830 0.31 3.83 0.31 5.93
36 0.013 0.29 0.85 0.35 4.183 0.02 2.89 0.31 8.61
37 0.012 0.07 0.12 0.15 0.171 0.79 2.38 0.18 3.72
Fig. 6. The contamination factors of heavy metals in the sediment samples of Burullus Lake.
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Fig. 7. The pollution load index and degree of contamination in the sediment samples of Burullus Lake.
Fig. 8. The spatial distribution of contamination degree (DC) of heavy metals in the sediments of Burullus Lake.
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Appendix 1.
The highest concentration of copper (74mg/g) was found at
Drain no. 7 due to agricultural drainage. This value (45.8mg/g)
was higher than that recorded by Radwan and Lotfy [27]. On the
other hand, the lowest value was observed at the lake islet where
soil texture is sandy with poor organic carbon and low metals con-
tent. The maximum value in the lake is within the limit (140mg/g)
of the European Union [28], but higher than that recognized by EPA
(25mg/g) [26].
The highest concentration of chromium (99.9mg/g) was dis-
tributed at El-Hoks drain as it was described as an industrial drain
which contains huge amounts of wastes that may increase the
amounts of chromium in this area. However, the lowest concentra-
tion of Cr was observed at El-Maqsba area far from drainage water.
The values of Cr within the lake were higher than the limit value
(25mg/g) EPA [26] but within the limit value (150mg/g) stated by
the European Union [28].
The primary anthropogenic sources of zinc in the environment
(air–water–soil) are related to the use of commercial products con-
taining zinc, domestic wastes and industrial effluents [29]. The
highest concentration of zinc in the sediments of Burullus Lake
was estimated at Abou-Amer area (352.2mg/g); this could be
attributed to anthropogenic activities and this result is more than
those (217.33, 96.5, 261.56 and 66.35mg/g) recorded by Masoud
et al. [22] and Chen et al. [25]. The minimum value of Zn was
recorded at El-Kome El-Akdr Islet (11.97mg/g); this may be attrib-
uted to soil texture of Lake Islet and low content of organic matter
which play an important role in various geochemical processes asTable 5
The geo-accumulation index (Igeo) of heavy metals in the sediments of Burullus Lake.
NO Geoaccumulation index (Igeo)
Fe Cu Zn
1 2.03 0.14 0.32
2 2.03 0.21 0.42
3 2.04 0.50 0.36
4 2.04 0.43 0.11
5 2.03 0.27 0.40
6 2.04 0.30 0.40
7 2.04 0.66 0.05
8 2.03 0.28 0.35
9 2.04 0.33 0.17
10 2.04 0.33 0.39
11 2.04 0.25 0.38
12 2.04 0.24 0.37
13 2.04 0.28 0.36
14 2.05 0.58 0.10
15 2.04 0.38 0.06
16 2.04 0.29 0.35
17 2.03 0.28 0.41
18 2.04 0.40 0.09
19 2.03 0.24 0.41
20 2.04 0.40 0.26
21 2.06 1.03 0.80
22 2.05 0.68 0.20
23 2.07 0.38 0.35
24 2.05 0.50 0.09
25 2.04 0.94 0.58
26 2.03 1.11 0.85
27 2.04 0.64 0.56
28 2.04 0.51 0.44
29 2.03 0.02 0.19
30 2.04 0.23 0.35
31 2.04 0.30 0.41
32 2.03 0.04 0.32
33 2.04 0.16 0.34
34 2.04 0.25 0.40
35 2.09 0.86 0.43
36 2.07 0.70 0.25
37 2.11 1.29 1.08
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[30]. The maximum value of Zn in the lake was higher than the lim-
ited value (123mg/g) of EPA [26] but within the limit stated by
European Union (300mg/g) [28].
The lowest concentration of Cd in Burullus Lake was observed
close to El-Boughaz area, whereas the highest concentrations were
found next to Drain no. 7 due to the agricultural wastes. This value
is lower than 4.08 and 10.35mg/g which were recorded by Masoud
et al. [22] and Radwan and Lotfy [27], but higher than that
recorded by Chen et al. [25] and Basiony [23] (0.57-0.086mg/g).
The maximum values of Cd in Burullus lake were within the limit
value stated by EPA (6mg/g) [26] and recognized by the European
Union (3mg/g) [28].
The lowest concentration of cobalt in Burullus Lake was in El-
Maksba area (4.55mg/g), which is far away from the drains. How-
ever, its concentration increased to 68.29mg/g in the western parts
of the lake, due to the drainage that flows into this part of the lake.
This could be attributed to the impurities that exist in superphos-
phate fertilizers that are commonly used in agricultural activities
within the studied area.
Measuring enrichment factor (EF) plays an integral part in geo-
chemical studies. It is generally used to differentiate between the
metals originating from anthropogenic (non-crustal) and geo-
genic (crustal) sources. It is also used to assess the degree of metal
contamination [5,31–33]. Accordingly, to recognize the amount of
anthropogenic input, enrichment factor (EF) was calculated for the
studied heavy metals. The EF for these metals was in the following
order: Cd>Pb>Zn>Co>Cu>Cr. This indicates that Cd is the most
enriched and abundant element from anthropogenic activitiesCr Pb Co Cd
0.23 0.25 0.10 0.20
0.23 0.22 0.09 0.36
0.28 0.28 0.03 0.28
0.34 0.32 0.08 0.21
0.28 0.21 0.17 0.36
0.27 0.47 0.11 0.10
0.34 0.29 0.13 0.27
0.18 0.23 0.23 0.19
0.22 0.31 0.07 0.15
0.30 0.13 0.09 0.49
0.22 0.21 0.02 0.17
0.24 0.26 0.08 0.36
0.16 0.38 0.04 0.17
0.49 0.42 0.33 0.14
0.37 0.22 0.17 0.43
0.29 0.33 0.07 0.23
0.18 0.17 0.16 0.44
0.41 0.10 0.11 0.55
0.25 0.18 0.37 0.46
0.40 0.43 0.22 0.06
0.29 0.45 0.51 0.19
0.27 0.27 0.26 0.14
0.32 0.23 0.07 0.02
0.74 0.19 0.72 ND
ND 0.35 0.80 ND
0.42 0.52 0.55 ND
0.30 0.09 0.28 0.24
0.41 0.09 0.38 0.42
0.13 0.09 0.04 0.30
0.20 0.11 0.06 0.27
0.19 0.15 0.16 0.18
0.14 0.19 0.03 0.25
0.17 0.21 0.14 0.13
0.23 0.13 0.58 0.37
0.91 0.26 0.68 0.41
0.63 0.45 1.86 0.28
0.99 0.94 0.27 0.20
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Fig. 9. The geo-accumulation index (Igeo) for heavy metals in the sediment samples of Burullus Lake.
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and agricultural drains) in the studied area [34–36].
It is indicated that Cd is the most enriched and abundant ele-
ment from anthropogenic activities; this could be attributed to
phosphatic fertilizers and untreated wastewater from industrial
and agricultural drains. Thus, in addition to invasion of contami-
nated lake water, the application of pesticides is another probable
source for sediment Cd contamination. According to Palma et al.
[37], metals in sediments are divided into two important groups:
first, metals that are characteristics of sediment and related with
the mineralogical structure (i.e. Al, Fe, Mn and Li) and second, met-
als that are related to the anthropogenic activities (i.e. Cd, Cr, Cu,
Pb and Zn) and if present in high concentrations can be dangerous
for the living organisms.
The pollution load index was in the range of low category as it
was lower than the baseline values; this result was less than the
findings of El-Bady [38] on his study on the region of Bahr
El-Baqar south to Manzala Lake and of Zahran et al. [39] on
Manzala Lake, which ranged between low to moderate degree of
pollution. The degree of contamination ranged between low
nearby El-Boughaz and moderate at the southern parts, attributed
to drainage water from different drains.
6. Conclusion and recommendation
Burullus Lake is a natural protectorate in Egypt; therefore biodi-
versity has to be protected in this lake. Scenarios and strategies
used in lakes protection should be supported with modern moni-
toring and GIS techniques. Lake sediments work as important
sources of different toxic pollutants such as heavy metals which
in turn accumulate in aquatic organisms through food chains. It
was found that Cadmium was the dominant pollutant in Burullus
Lake sediments due to dumping of agricultural wastes (i.e. fertiliz-
ers and pesticides) into the lake.
Accordingly, decision makers should take serious actions
toward protecting Burullus Lake, which is one of the valuable eco-Please cite this article in press as: El-Amier YA et al. Evaluation and mapping sp
lus Lake, Egypt. Egyp. Jour. Bas. App. Sci. (2017), http://dx.doi.org/10.1016/j.ejbnomic sources in Egypt. These actions should include: pretreat-
ment of wastewaters before being dumped into the lake, putting
control on the additional pollutants from chemical fertilizers and
pesticides to agricultural crops, renewing lake water with sea
water, and incorporating the efforts of the different authorities
responsible for protecting the lake.
Appendix 1. The concentrations of heavy metals in the
sediments of different habitats in Burullus Lakeati
asS. Noal distri
.2016.0Heavy metal in (mg/g)Febution of
9.005Znbottom seCrdiment heCuavy metCoal contaPbmination iCdLake Open Water Habitat
1 653.96 68.12 80.01 48.82 35.92 16.80 0.71
2 656.43 54.52 79.07 41.75 35.42 17.96 1.03
3 647.10 329.10 71.03 21.55 30.64 15.65 0.86
4 646.30 184.70 61.94 25.08 23.80 14.34 0.74
5 653.68 57.10 70.62 36.29 42.09 18.63 1.04
6 648.52 56.22 72.65 33.60 22.25 10.12 0.36
7 644.40 126.60 62.15 14.82 21.30 15.43 0.85
8 653.82 63.63 89.01 35.50 48.86 17.58 0.70
9 647.48 212.80 80.78 31.61 24.17 14.55 0.64
10 646.67 352.20 68.07 31.33 23.27 22.27 1.39
11 651.83 59.66 82.09 37.89 29.63 18.43 0.67
12 649.51 61.34 78.41 39.27 33.92 16.58 1.03
13 651.22 62.01 93.56 35.45 31.42 12.42 0.67
14 632.43 179.20 44.04 17.90 13.26 11.33 0.63
15 642.18 165.30 57.30 27.93 19.38 17.90 1.20
16 648.28 63.77 68.47 34.47 24.02 14.08 0.77
17 653.82 56.06 89.03 35.64 40.86 20.16 1.24
18 641.94 115.60 52.52 27.08 22.36 23.97 1.61
19 659.79 55.43 76.15 38.63 66.64 19.83 1.29
20 638.34 261.20 53.20 26.67 17.09 11.22 0.39(continued on next page)n Burul-
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s Lake,Heavy metal in (mg/g)Fee this artic
Egypt. EgyZnle in pres
p. Jour. BCrs as: El-Am
as. App. SCuier YA
ci. (2017Coet al. Eva
), http:/Pbluation an
/dx.doi.orCdM 648.39 129.23 71.51 32.06 30.31 16.46 0.89
SE ±1.45 ±21.42 ±2.97 ±1.85 ±2.79 ±0.82 ±0.07
Lake Shores Habitat
1 637.16 89.50 71.74 14.25 15.53 15.96 0.62
2 595.98 63.75 64.73 27.87 24.17 17.51 0.43
3 625.42 115.00 24.56 21.11 5.39 19.33 ND
4 641.89 37.87 ND 7.71 4.55 13.44 ND
5 662.20 20.32 50.87 5.27 7.96 9.03 ND
M 632.53 65.29 42.38 15.24 11.52 15.05 0.21
SE ±10.90 ±17.08 ±13.32 ±4.19 ±3.71 ±1.79 ±0.13
Drains Habitat
1 621.54 22.80 69.43 6.27 8.84 10.56 0.29
2 652.54 39.35 67.79 15.58 15.10 37.33 0.26
3 651.60 51.78 52.12 20.73 68.29 36.64 1.19
4 658.98 92.61 99.90 70.92 26.08 36.75 0.90
5 652.54 64.19 84.93 40.01 24.79 23.11 0.83
6 651.60 55.68 86.49 34.04 41.60 21.06 0.69
7 658.98 68.95 97.61 74.00 26.79 19.19 0.80
8 651.55 64.58 90.64 46.50 20.75 18.68 0.61
9 647.72 56.23 79.85 38.00 7.56 22.17 1.06
M 649.67 57.35 80.97 38.45 26.64 25.05 0.74
SE ±3.72 ±6.49 ±5.16 ±7.71 ±6.25 ±3.19 ±0.11
Lake Islets Habitat
1 576.71 52.58 16.67 9.28 5.93 16.60 1.15
2 604.92 80.94 31.97 13.36 0.39 83.66 0.87
3 546.56 11.97 13.80 3.45 15.16 3.43 0.71
M 576.06 48.50 20.81 8.70 7.16 34.56 0.91
SE ±16.85 ±20.01 ±5.64 ±2.88 ±4.31 ±24.84 ±0.13References
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